Abstract: Ecological monitoring is a key part of adaptive management and successful restoration. Not everything within an ecosystem can be monitored so it is important to select indicators that are representative of the system, integrate system responses, show clear responses to system change, can be effectively and efficiently monitored, and are easily communicated. Roseate Spoonbills are one of the indicators that meet these criteria within the Everglades ecosystem. Monitoring of Roseate Spoonbills in Florida Bay over the past 70 years has shown that this species responds to changes in hydrology and corresponding changes in prey abundance and availability. This indicator uses nesting location, nest numbers and nesting success in response to food abundance and availability. In turn, prey abundance is a function of hydrological conditions including depth, and salinity. These relationships have been well documented such that spoonbills responses can be directly related to changes in hydrology and salinity.
Abstract 24
Ecological monitoring is a key part of adaptive management and successful 25 restoration. Not everything within an ecosystem can be monitored so it is important to 26 select indicators that are representative of the system, integrate system responses, show 27 clear responses to system change, can be effectively and efficiently monitored, and are 28 easily communicated. Roseate Spoonbills are one of the indicators that meet these 29 criteria within the Everglades ecosystem. Monitoring of Roseate Spoonbills in Florida 30
Bay over the past 70 years has shown that this species responds to changes in hydrology 31 and corresponding changes in prey abundance and availability. This indicator uses 32 nesting location, nest numbers and nesting success in response to food abundance and 33 availability. In turn, prey abundance is a function of hydrological conditions including 34 depth, and salinity. These relationships have been well documented such that spoonbills 35 responses can be directly related to changes in hydrology and salinity. The spoonbill 36 indicator uses performance measures that have been shown to be both effective and 37 efficient in tracking trends. They are: nesting success, nest number, locations of nests, 38 and prey fish community composition. Targets for these performance measures we 39 established based on previous findings. The performance measures are then reported as 40 suitability indices identified as stoplight colors with green indicating that targets have 41 been met, yellow indicating that conditions are below the target but within a suitable 42 range of it and red indicating the measure is performing poorly in relation to the target. 43
Introduction and Background 47 48
Ecological monitoring is a key part of adaptive management (Williams et al., 49 2007 , Lovett et al., 2007 and successful restoration. Not everything within an ecosystem 50 can be monitored so it is important to select indicators that are representative of the 51 system, integrate system responses, show clear responses to system change, can be 52 effectively and efficiently monitored, and are easily communicated (Doren, 2006 , Doren 53 et al., intro chapter, Schiller et al., 2001 . years has shown that this species responds to changes in hydrology and corresponding 64 changes in prey abundance and availability (Powell et al., 1989 . 65
This indicator uses nesting location, nest numbers and nesting success in response to food 66 abundance and availability. In turn, prey abundance is a function of hydrological 67 conditions including depth, and salinity (Lorenz and Serafy, 2006) . These relationships 68 have been well documented such that spoonbills responses can be directly related to 69 changes in hydrology and salinity (Lorenz and Serafy, 2006) . 70 71 Spoonbill nesting success is dependent on suitable environmental conditions. 72
Correlations between biological responses and environmental conditions contribute to an 73 understanding of the species' status and trends over time (Lorenz, 2000, Lorenz and 74 Serafy, 2006) . The positive or negative trends of this indicator relative to hydrological 75 changes (Lorenz, 2000 , Bartell et al., 2005 The spoonbill indicator uses performance measures that have been shown to be 83 both effective and efficient in tracking trends. They include: nesting success, nest 84 number, locations of nests, and prey fish community composition. These parameters 85 have been correlated with hydrologic conditions including water depth, hydroperiod, 86 timing, spatial extent and salinity, which are influenced by water management practices. 87
88
Roseate Spoonbills are one of several charismatic megafauna found in the 89 Everglades. They are both umbrella and flagship species to which the public can relate. 90
In addition, the parameters used to track trends are easy to understand: How have the 91 number of spoonbills changed through time? Are they as productive as they were 92 historically? Are the animals in the places where they should be? Are their prey as 93 abundant as under natural conditions? 94 95
Indicator History 96
There is a seventy year intermittent database of spoonbill nesting activity in 97 Florida Bay (Figure 1) . Lorenz et al., (2002) demonstrated that nesting patterns are 98 highly dependant on hydrologic conditions on the foraging ground most proximal to the 99 nesting colonies (Figure 2 ). Spoonbills primarily feed on wetland fishes (Dumas, 2000) 100 and time their nesting with low water levels which result in the prey base fishes 101 becoming highly concentrated into the remaining wetted areas (Loftus and Kushlan, 102 1987 , DeAngelis et al., 1997 , Lorenz, 2000 . Studies suggest that tactile feeding wading 103 birds, such as the Roseate Spoonbill, are particularly dependent on high prey density in 104 order to successfully forage, probably more so than the visually oriented avian predators 105 (Kahl, 1964 , Frederick and Spalding, 1994 , Gawlik, 2002 . Tactile feeders are more 106 efficient when prey density is very high and visual predators are more efficient at lower 107 prey densities (Kahl, 1965) . Gawlik (2002) experimentally demonstrated that two 108 species of tactile feeders (wood storks and white ibis) abandoned foraging sites while 109 prey was still abundant enough to attract visually oriented wading birds in high numbers. 110
Although no spoonbills visited the study site, Gawlik's (2002) experimental approach 111 lends empirical evidence to the idea that tactile feeders are more sensitive to prey 112 availability. Because tactile foraging birds in general and roseate spoonbill in particular 113 are more dependant on high prey concentration than other wading bird species (Kahl, 114 1964 , Gawlik, 2002 , they are more sensitive to changes in environmental conditions that 115 determine fish concentrations, specifically water levels (Gawlik, 2002) . The requirement 116 for highly concentrated prey is exacerbated during nesting cycles when the high-energy 117 demands of their offspring require a consistently available high density of prey items 118 (Kahl, 1964 , Lorenz, 2000 , Dumas, 2000 . 119
120
Beginning with the completion of a series of canals and water-control structures 121 known as the South Dade Conveyance System (SDCS) in the early 1980's, water 122 deliveries to Taylor Slough and northeastern Florida Bay ( Figure 2 ) changed dramatically 123 (Light and Dineen, 1994 , McIvor et al., 1994 , Lorenz, 2000 . This canal system is 124 immediately adjacent to Taylor Slough and just upstream from where the majority of 125 spoonbills nested in Florida Bay at the time ( Figure 2 ; Powell et al., 1989) and heavily 126 impacted the coastal wetlands that were the primary feeding grounds for the spoonbill 127 nesting population (Bjork and Powell, 1994) . In 1979, 1,250 Roseate Spoonbill nests 128 were located in Florida Bay, with more than half the nests located in the northeastern bay 129 (Figure 1 , Powell et al., 1989 . Today, the number of nests is less 130 than a third of that in 1979 and distribution of nesting by roseate spoonbills has shifted 131 from northeastern Florida Bay to the northwestern region ( Figure 2 , Lorenz et al., 2002) . 132
The shift is attributed to the lack of nest production following the completion of the 133 SDCS: Lorenz et al., (2002) calculated that prior to the SDCS northeastern Florida Bay 134 produced an average of 1.38 chicks per nest attempt but dropped to 0.67 chicks per nest 135 following its' completion. Lorenz (2000) demonstrated that this decline was the result of 136 the SDCS causing changes in hydrology and salinity that affected the production ( Figure  137 3) and availability of the spoonbill prey base. 138
139
In addition to a large nesting population in Florida Bay, spoonbills "nested in the 140 thousands" along the southwest coast south of Cape Romano (Scott, 1889 average production of >1chick/nest) in 7 of 10 years and average 1.5 chicks/nest 166 overall (initially using a five year running average for nest production and a ten 167 year running average successful years). 168

Restore nest numbers to pre-SDCS levels of 1250 nests with at 169 least half in the northeastern region (as defined by Lorenz et al., 2002) statistically correlated to spoonbill nesting success (Lorenz, 2000 . A 222 causal link exists between hydropatterns, prey abundance and availability, and nesting 223 success (Lorenz, 2000, Lorenz and Serafy, 2006) . Nesting failure has been statistically 224 linked to nest number and location in a given region such that persistent nesting failure 225 results in a decline in nesting effort and a concurrent increase in other regions. example, a ten-year running average was used for percentage of years that spoonbills 267 were successful. A five-year running average was used for average annual nest 268 production and nest numbers. Fish community structure changes to a greater percentage 269 of freshwater species only when salinity conditions have been favorable to these species 270 for a two to three year period, therefore this parameter will be reported as an annual 271 metric that covers a three year period. Nesting success will be reported annually because 272 Figure 2 ). They also demonstrated that, under the SDCS operations, the nest 282 productivity and nest number in the northeastern region have experienced a significant 283 decline. The method used to calculate this metric is based on surveys of focal colonies 284 (defined as the two largest colonies within the region) . These surveys entailed marking 285 up to 50 nests shortly after full clutches had been laid and re-visiting the nests on an 286 approximate 7-10d cycle to monitor chick development. The metric is the number of 287 chicks per nest to survive to twenty-one days. After twenty-one days, the chicks become 288 very active and move throughout the colony precluding accurate accounting of individual 289 nest production. Since 2003, chicks have also been leg-banded so that individual chicks 290 can be identified. By resighting these individuals later in the nesting cycle, we are able to 291 use a second method to estimate nest production. Preliminary analysis of this mark-292 resighting technique generally confirms that the twenty-one day survival is an accurate 293 method to calculate nest production.. 294 295 This stoplight uses two metrics for nest production. The number of successful 296 nesting years out of ten with success being defined as an average nest production of 297 greater than one chick per nest (c/n) for all nest starts. This metric uses only the 298 northeastern region of the Bay (Figure 2 ) as this has been demonstrated to be the region 299 most impacted by water management practices . Prior to the 300 establishment of the SDCS, spoonbills nesting in the northeastern region averaged 71% 301 successful years . Stoplight colors were based on this threshold 302 (Table 1 , Figure 4) . 303
304
The second metric of nest production is the five year mean of nest production in 305 the northeastern region. Lorenz et al., (2002) demonstrated that prior to the SDCS annual 306 mean spoonbill production in the northeast region was 1.38c/n and that this dropped to 307 0.67 post-SDCS. Initially we set this as the target for the stoplight metric where annual 308 production was divided by 1.5 c/n with greater than 67% set as the threshold for a green 309 rating. However, as can be seen in Figure 5 , there are no trends in the data with rapid 310 changes occurring from one year to the next. This is due to the interannual differences in 311 hydrologic conditions that affect the ability of spoonbills to capture enough prey to 312 successfully raise young. Simply put, some years are naturally better than others. Taking 313 a multi-year running average smoothes this high variability into more interpretable trends 314 ( Figure 5 ). By examining various time frames from previous data we concluded that by 315 using a five year running average, no single good or bad year out of the five skewed the 316 results into the red or green classification. A single good or bad year in either the two, 317 three or four year running averages could bias the mean, thus resulting in an inaccurate 318 stoplight color. 319 320 There are natural background conditions that can result in nest failure that are 321 unrelated to CERP or water management practices. Therefore, we need to control for 322 natural background variation in foraging conditions. We dealt with this problem by using 323 the northwestern region's success rate as control for natural background conditions. 324
While the northeastern region's production declined post SDCS, the northwestern regions 325 production remained relatively high (1.24c/n) even though there was still a great deal of 326 interannual variability. Lorenz and Frezza (2007) concluded that the interannual variation 327 in productivity of the northwestern colonies reflects the natural variation while the 328 variation in the northeast is affected by both this background and by water management 329 practices. Therefore, we propose that the metric used to gage success in the northeastern 330 region be tied to that of the northwestern, i.e., the metric should be calculated by dividing 331 annual northeastern production by that of the northwest thereby resulting in a percentage 332 ( Figure 6 ). The thresholds for stoplight colors are presented in Table 1 . 333 334 Although this metric solves the problem of natural interannual variation in nesting 335 success, it is also dependant on the continued high rates of success of the northwestern 336 colony. What happens if CERP or other issues begin to negatively affect the success of 337 the northwestern colonies? This would result in the metric receiving higher scores even 338 though there was actually a degradation of the bay for spoonbills. Therefore, stoplight 339 metrics were developed to examine the northwestern regions (explained below in section 340 2.3.5). If all three of the metrics are yellow or red then the metric for northeastern 341 success should be based on the long term mean production rate of 1.5 c/n for northeastern 342 Florida Bay (Lorenz et al., 2002, Figure 5 (Powell et al., 1989) . Over 346 that period, spoonbills have been recorded nesting on thirty-eight keys throughout the 347
Bay (Figure 2; Lorenz et al., 2002). Spoonbills typically establish nests in Florida Bay in 348
November or December of each year, however, nest initiation has started as early as 349
October and as late as March (Powell et al., 1989 , Alvear-Rodriguez, 2001 ). to be considered successful, we should expect a return to nesting numbers to pre-SDCS 364 numbers. This metric is the percentage of 650 nests that occur annually (Figure 8) . 365 Similar to nest success and total nests for Florida Bay, the interannual variation can bias 366 individual years and a five year mean was used for this metric (Table 1) . 367 368 According to Scott (1889) , spoonbills "nested in the thousands" along the 369 southwest coast of the Everglades in the Shark River and Lostman's slough estuaries. 370
Restoration of more historic hydrological conditions should promote greater prey 371 abundance and availability in this region, potentially leading to a return of spoonbill 372 nesting in large numbers. In recent years, Everglades National Park has performed aerial 373 wading bird surveys of this area and has documented spoonbill nesting (Pers. Comm, 374
Sonny Bass, Supervisory Wildlife Biologist, Everglades National Park), however 375 accurate surveys of spoonbills nest number can not be performed from aircraft because 376 they tend to nest low in the canopy. Although it is imperative to get a baseline for pre-377 CERP nesting in this critical region, no funds have been identified to pay for this effort. 378
As a result, no stoplight metrics can be established at the time of this publication. 379 380
Prey Community Structure. Spoonbills primarily feed on small demersal 381
fishes found throughout the Everglades system (Allen, 1942 , Dumas, 2000 . Lorenz et 382 al., (1997) developed a methodology that uniquely sampled fishes in the dwarf mangrove 383 foraging grounds that are the preferred feeding locations for spoonbills nesting in Florida 384
Bay. The sampling design uses a 9m 2 drop trap at fixed locations at known spoonbill 385 feeding sites. Data collection began in 1990 at four sites. Currently, there are 14 386 sampling sites associated with Florida Bay's nesting spoonbill population (Figure 2 ) 387 388 Lorenz (1999) documented that these fish respond markedly to changes in water 389 level and salinity and these factors can be altered by water management practices. 390 Lorenz and Serafy (2006) performed a fish community analysis of eight years of these 391 data from six sites. During the eight-year span reported by this study, there were three 392 consecutive years of unusually high rainfall and freshwater flows to the estuary which 393 resulted in low salinity similar those believed to have occurred in the region prior to 394 water management influences. As part of their analysis, Lorenz and Serafy (2006) , 395 placed individual species in one of four salinity categories (freshwater, oligohaline, 396 mesohaline or polyhaline) based on the Venice System of Estuarine Classification 397 (Bulger et al., 1993) . To accomplish this, the authors used the mean salinity for the thirty 398 days prior to a given collection (based on the findings of Lorenz, 1999) to identify the 399 range of salinities in which each species was found. The median score of each species 400 salinity range was then used to classify the species into one of the four categories. 401
During the period of low salinity and high fish abundance, Lorenz and Serafy (2006) 402 found that more than 40% of the total fish community were freshwater affiliates (Figure  403 3). Furthermore, they demonstrated that it took two to three years of low salinity for the 404 freshwater populations to respond. Finally, they demonstrated these low salinity 405 communities were much more productive based on both number and biomass of the 406 standing stock (Figure 3) . The stoplight for prey abundance will use the percentage of 407 the fish community that was classified by Lorenz and Serafy (2006) metric to work, however, there needs to be a control for any anthropogenically induced 416 reduction in nesting and productivity in the northwestern bay. We propose three stoplight 417 metrics to act as a control for the proposed comparison of the two regions. Lorenz et al., 418 (2002) indicated that the mean production rate for spoonbill nests in the northeastern 419 region was 1.24 c/n. Based on this we expect the five year mean production rate to 420 remain above 1.25 c/n and the control stoplight will remain green so long as this criterion 421 is met (Figure 9 , Table 1 Table 1 ). Finally, spoonbills have averaged 425 success in more than six of every ten years in the northwest region. The percentage of 426 successful years (mean production of >1.0 c/n) will also be used as a control with any 427 metric above six of ten years receiving a green stoplight score ( Figure 9 , Table 1 ). If all 428 three of the control metrics are yellow and/or red, than the metric for the northeastern bay 429 should be re-evaluated based on the historic trends of the northeastern region ( Figure 5) . Only the first of these stressors will be ameliorated by CERP and, therefore, the spoonbill 493 assessment tool only addresses issues for water flow, volume and duration. 494 495 Changes in salinity patterns reduces primary production (through stresses caused 496 by rapid and frequent fluctuations in salinity; Montague and Ley, 1993 , Ross et al., 2000 , 497 Frezza and Lorenz, 2003 and alter the prey base fish community to a state of lower 498 secondary production (Lorenz, 1999, Lorenz and Serafy, 2006) . As a result, the overall 499 abundance of spoonbill prey items is reduced. The spoonbill assessment tool includes a 500 parameter that examines fish community structure which has been shown to have a direct 501 link to prey fish productivity thereby addressing this issue. 502 503 Changes in the timing and distribution of fresh-water deliveries, result in 504 increased water levels on the primary foraging grounds of spoonbills nesting in 505 northeastern Florida Bay (Lorenz, 2000) . Studies performed in the mangrove foraging 506 grounds indicate that the prey base fishes begin concentrating into deeper creeks and 507 pools when water level on the wetlands drops to a certain depth threshold (Lorenz, 2000) . 508
Spoonbills time nesting with falling water levels on these wetlands such that prey will be 509 concentrated at the time of egg hatching (Bjork and Powell, 1994) . This provides a 510 highly available and consistent prey resource at a time when the energetic demands of 511 their rapidly growing young are highest. Out-of-season pulse releases resulting from 512 upstream water management activities rapidly raise water levels above the concentration 513 threshold and fish disperse across the surface of the wetland. This eliminates the needed 514 abundant and easily captured food resources for the spoonbills. Even brief reversal 515 events (3-5 days) can result in total failure of the spoonbill colonies. CERP and related 516 projects will alleviate this situation leading to higher nesting success and a return to 517 higher nest numbers in northeastern Florida Bay. The spoonbill metrics of nesting 518 success, location and number assess these components of the impacts of water 519 management practices. 520
521
The performance measure metrics chosen for spoonbills reflect current and 522 historic ecosystem conditions. The metrics used to evaluate spoonbills have been well 523 documented in the literature and are based on the best understanding of how the Florida 524
Bay estuary functioned historically, currently and how we expect it to function under 525 restored conditions. The metrics used provide both spatial and temporal metrics to assess 526 the state of recovery efforts. We conclude that the spoonbill assessment tool will provide 527 a powerful and integrative means to evaluate CERP activities. 528 529
Communicating the Spoonbill Indicator 530 531
Roseate spoonbills, being a species that Everglades visitors seek out and 532 appreciate provide a valuable social as well as natural indicator. They are also well 533 accepted by managers and policy makers as a species that is important to our 534 understanding of estuarine systems. This is an important feature for system-wide 535 integrative indicators and we can capitalize on these points with the spoonbill indicator. (Powell et al., 1989) . 
